PATENT SPECIFICATION 



(11) 



1 372 042 



o. 

CO 




(21) Application No. 45180/71 (22) Fied 28 Sept. 1971 
(31) Ckmvention Applicatioai Na 15109/70 (32) Filed 13 Oct 1970 in C^^) 
(33) Switzerland (CH) 

(44) Complete Spedfication publasfaed 30 Oct, 1974 

(51) Intematioinal dassijacacion C07F 9/08//D06M 13/44 

(52) TncipY at acceptance 

C2P ILl 1L2 2E12B 2E13 2E15A 2E15C 2E18B 2E18C 
2E19C 2E19D ZE26A 2E26C 7 
C3P 7C17 7C18 7G20B 7D1A 7D(1C E2 
DIP 21Y 235 23Y 272 27Y 365 36Y 370 49Y 50Y 513 
514 51Y 612 636 644 64X L3 L4 L5 . 
(72) InveiitOTS KURT HOFER and DK RUDOLF MOESCH 

(54) N,N'-DlSlYLO"XAAimES COOT 

AND A PROCESS FOR PRODUCING TEIEM . 

(71) We, SANDOZ LTD. of Lichtstrasse 35, Basle/Switzerland, a Body Cor- 
porate organised according to the laws of Switzerland, do hereby declare the invention, 
for which we pray that a patent may be granted to us, and the mediod by which it is to 
be performed, to be particulaiiy described in and by tlie following statement: — 

TTiis invention relates to new organic phosphorus compoimds, and processes for 
producing dxeoL The present invention provides organic phosphorus conapounds of 
-formula 




Y— O- 



p • (I) 



4-rT 



where each benzene nucleus A and/or each benzene nucleus B, indepcndendy, may be 
10 substituted, 

mis I or 2, 

nisi, 2 or 3, , . j i_ - j n i 

each R, independently^ is a hydrogen atom or an unsubsntuted or substmited allcyi, 

cydoalkyl or phenyl radical, 
15 XisOor S, and . • „ , i i^-^ - a 

each Y, independently, is a direct single bond or an alkylene radical which is boimd 
to the benzene nucleus B either directly or dwough an oxygen or sulphur atom and which 
may be intOTupted by one or more oxygen atoms. ^ 

A compound of formula (I) can be produced by (a) condensmg a compound, or 
20 different compounds, of formula 



10 



15 



2C 



NHCOCONH 




(IE) 



Y— OH 



wherein benzene nucleus A and/or benzene nucleus B, independently, naay be subsd^- 
tuted, and Y is as defined above, with a compound of formula (III) 



CRiO)x- — PCHaOy^ (lEE) 



[Price 25p1 



3NSDCjCID: <GB_ 



.1372042A_I_> 



' 1^72^042 

where X and m are as defined above, Hal is a halogen atom, each Ri, independendy, is 
an unsubstituted or substituted alkyl, cycloalkyl or phenyl radical, and x and y are each 
Oj 2 or 3, the sum of x and y being 3, in a molar ratio of y: 1 when y is other than 0, 
or in a molar ratio of from 1:1 to x:l when y is 0^ to produce a compoxmd of fonnula 
(I), witii the proviso that when n is 2 or 3, then R is other than hydrogen, or (b) con- 
densing a compound of formula (IV) 



HCOCOMH. 




4-n' 



wherein each benzene nucleus A and/or each benz^e nudeus B3 independently, may 
be substituted, 

10 Xy Y and m are as defined above, Hal is a halogen atoixia and n' is 2 or 3> 

with a compound, or compound^, of formula (V) 



HOR 

wherein R is as defined above, in a molar ratio of l:n' — 1. 
Examples of compounds of fonnula (III) are 



(V) 



10 



15 



P(HaI)3 ima) • P CORi)3 (Bib), 



(RlO)2=P— Hal (inc), RiOP=(HaI)2 (PEd). 



15 



20 



25 



30 



wherein Ri, X and m are as defined above, . 

•The benzene nuclei A and B. in formulae (I) and (II) may be unsubstituted or 
substituted. 

Suitable substitilents include straight or branched alkyl and alkosy radicals, cydo- 
alkyl radicals and halogen atoms. In the preferred compounds of formula (I) the 
benzene nucleus A is substituted by one or two alkyl radicals, neither of tiie said alkyl 
radicals containing more than 9 carbon atoms, by one or two. alkoxy radicals, neitiier of 
tiie said alkoxy radicals containing more tiian 16 carbon atoms and/or by one hydroxy! 
group, which is in ordao-position with respect to the N atom or to a tertiary alkyl radi- 
cal. The benzene nucleus B is preferably unsubstituted or substituted by a methyl 
group, m is pref ^bly 1 and n^ t^A* T }^P^^)^7^^ ^?!^ J^jp^^J^^^i.^^^^. .? 
may represent e^ylenei, 1,2-propylene, l^r-propylme, 1,4-butyiene, — 0---CHfi.C3l2-^, 

— O— GHa — CH— , 



O— CHa — CHa CHa, O — (CHs)*!— , — (^ — CHg— C3Ia)i 

— (O— CH2— CH2)s— 3 — (O— CHg— CH2)4— , 

_(0— CH2— CH)3— , _S— CH2— CH2— O-T-CH2— CH2— or — S— CHj 
CHs 



-GH— . 
I 



20 



25 



30 
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Examples of unsubstituted or substituted alkyl radicals R and substituents on the . 
benzole nuclei A and B are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec- 
butylfl tert.butyl, n-amyl, secamyl, iso-amyl, tercamyl, n-hexyl, n-heptyl, n-octyl, 2- 
octyla 2-ediylh^l5 tertoctyl, tenunonyl, n-decyl, n-dodecyl, tertdodecyl, n-tetradecyl, 
cetyl, stearyi, behcnyl, trifluorometfayl, 2,2-difluoroethyl, 2-cyanethyl, 2-melhoxyethyl, 
2-ethoxyethyl, 2-n-butoxyethyl, 3-metiioxypropyl, 2- (2'-ethoxyethoxy) -ethyls 2-(2'-n- 
butoxyethoxy) -ethyl, 2-methylmercaptoeihyl, 3-niethylmercaptopropyl and tetrahydro- 
furfuiyL Alkyl radicals which, together widi any substituents present, contain not more 
than 8 carbon atoms are preferred. 

Suitable cycloalkyl radicals R or substituents on the benzene nuclei A and B of 
formula (I) are, for example, cyclopentyl, cydoheptyl and in particuliar unsubstituted 
or substituted cyciohexyl radicals such as cyclohexyl itself, 4-methylycydohexyl, 2,5-, 
2,6-, 3,4- and 3,5-dimethylcyclohexyl. . 

The preferred meaning of R is hydrogen. 

Like the alkyl radicals in the general formula (1), the alkoxy radicals in the 
benzene nuclei A and B, jointly with any substituents present, may have 1 to 22 or 
preferably 1 to 8 carbon atoms. The following may be named as examples: methoxy, 
ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, tert.butoxy, sec.butoxy, n-amyi- 
oxy, iso-amyloxy, tert.amyloxy, n-hexyloxy, n-octylox>', 2-octyloxy, 2-ethylhexyloxy, n- 
decyloxy, n-dodecylpxy, terLdodecyldxy, cetyloxy, stearyloxy, behenyioxy, methoxy- 
ethoxy, 2-n-butoxyethoxy, 2-cyanedioxy, 2-(2'-ethoxyetiioxy)-«tfaoxy and 2-(2'-n- 
butoxyetfaoxy ) -edioxy. 

' When one or both of the benzene nuclei A and B is or are substituted by a halogen 
atom, the halogen atom may for example, be bromine or preferably chlorine. 

A preferred range of compounds within formula (I) arc those of formula 



10 



15 



20 



25 




do) 



P-(OH)n-i 



■ J 4 — n 



30 



35 



wherein n is 1 or 2, 

each benzene nucleus A, independently, is unsubstituted or substituted by one or 
two alkyl radicals containing not more than 9 carbon atoms, by one or two alkoxy 
radicals containing not more than 16 carbon atoms and/or by one hydroxyl group which 
is in the ortho position with respect to the N atom or to a tertiary alkyl radical, and 
each benzene nucleus B, independently, is unsubstituted or substituted by a mediyl 
group. 

Such compoimds. wherein n is .1 can be jpirepared by condensing a coxnpoimd, or 
different compounds, of formula (Ila) 



30 



35 



NHCOCONH 




OH 



40 



wherein the benzene nudei A and B are as defined above, 

with phosphorus trichloride or phosphorus tribromiderin the molar ratio 3:1. 

Such compounds wherein n is 2 can .be prepared by reacting a compound of 
formula (Xa). , . 



40 



NHCOCONH ^ b\ 



. (Xa) 
-P — Hal 



wherein the benzene nudei A and B are as defined above. 
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, and Hal is a halogen atom, 
witii water in equimolar proportions. ... 
Especially valuable compounds of formula (I) are those in whidi both itn and n 
stand far 1 and those in which m stands for 1 and n for 2. 

5 The starting compounds of formulae (II), (Ila), (lit) and (V) are known or 5 
can be produced in a manner ai^ogous with known niethods. 

The process of production described above involves the synthesis of esters of phos- 
phorous, phosphoric or thiophbsphoric add These syntheses proceed by analogy with 
known methods, which are collectively described in the literatarCa cf. K Sass^ " Organ- 
ic isdie Derivative phosphorhaltiger Aiineralsauren " in " Handbuch der Meihoden der 10 
organischen Oiemie " (Houben-Weyl), 4th EditioUj Vol. Xn/2, Part 2, pp. 5— 82^ . 
• . 143— 208, 226— 274, 299— 374, 587, 598— 602 iand 623— 651. 

Phosphorous acid esters of formula (I) in which m stands for 1 and n for 3 can 
be obtained by reacting a compound of formula (II) wiih excess phosphorus trichloride 
15 to produce, as an intermediate, a corresponding phosphorous acid ester dichloride of 15 

formula - 



NHCOCONH 




20 



25 



30 



35 



40 



For diis reaction it is convenioit to enter the phosphorus trichloride into tibe vessel 
first and then to add gradually the hydroxyl compound of formula (II), using the phos^ 
phorous txichloride in at least four times the molar amount. The reaction is carried out 
in the absence of moisture. The optimum starting temperature is 20 — ^30®C and to- 
wards the end of the reaction the temperature is raised, optionally to the boiling^ point 
of the phosphorus trichloride, until the hydroxyl compound disappears and the reaction 
is complete. If a compound of formula (II) containing the phenolic hydroxy! group is 
employed, the reaction proceeds at a relatively slow rate, so in such cases catelysts such 
as tnagnesium chloride can be used. If a compound of formula (II) containing an alco- 
holic hydroxjd group is employed it is advisable to remove from reaction the hydrogen 
chloride f ortncd as by-produa, either by introducing an inert gas or by adding a hydro- 
gen halide acceptor, such as a tertiary amine or- p5Tddine. Further, to prevent side-reac- 
tions it is advisable to commence the reaction at low temperature, for example at 0 to 
— 15*^C These reactions run analogously when. phosphorus tribromide is used in place 
of phosphortis trichloride, the resulting compounds.of formula (VI) having two brcmiine 
atoms instead of chlorine atoms. 

The halogen atoms in the compounds of formula (VI) can be replaced by 
hydroxyl groups, in vsdiich case the final products are phosphorous acid monoesters. It 
.is advisable to carry out hydrol5^is with a theoretical amoimt of water and to 
neutralize the hydrochloric add formed, either during or immediately after the reaction, 
vfith an. acid-binding agent such as pyridine. By raking this precaution decomposition 
of the phosphorous add rnonoesters can be avoided. 

The latter have one of the following structural' formulae: 



20 



25 



30 



35. 



40 




Alternatively, the intermediates of formula (VI) can be~ reacted with unsubstituted 
or substituted phenols to yield compounds of formtila (I) in which m stands for 1, n 
. for 3 and each R independentiy for unsubstimted or siibstituted phenyl. This reaction 
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can be carried out with a theoretical amount or with an excess of the selected jAenoL 
The reaction temperature is preferably high, e.g. 100 — 180°Q depending on the acidity 
■ of the starting phenol. Phenols of higher acidity necessitate heating to more elevated 
temperatures to reach the end-point of the reaction. In this mode of operation a. hydro- 
5 gen halide is split off and escapes from the reaction mixture. In order to avoid hydro- 5; 

lytic side-reactions it is important to exclude moisture in this reaction. Add-binding 
agents can be used to bind the hydrogen halide liberated. This particular mode ctf 
operation of the process is also prrferred for reacting compounds of formula (VI) with 
alcohols instead of phenols, which process results in -compounds of formula (I) in 

10 , which m stands for 1^ n for 3 and eac± R independently for unsubstituted or substituted . lo 
alkyl radicals. Asyinmetrical phosphorous acid triesters of this type in whidi each R of 
formula (I) independently represents an alkyl radical having at least 6 carbon atoms, 
and more than one value of R is present, are highly effective stabilizers for polyalkylenes 
as thiey are very soluble in these polymers and dp not migrate. 

15 Using a process analogous with the above procedure yielding the phosphorous add 15 

ester dihalides of formula (VI), phosphorus diester halides of fontinia 



^a"^^ NHCOCONH — ^ 



: Y-O- 



■P— Hdl (3nE) 



can be obtained. In. these intermediates again the halogen atoms may be replaced by 
tmsubstituted or substituted phenoxy or aUcoxy radicals, as stated above in reference to 

20 compounds of formula (VI). In this way final products of formula (I) are formed in 20"^- 

wbidi m is 1 and n is 2. 

if die halogen atom in the phosphorous acid diester halides of formula (VHI) is 
replaced by the hydroxyl group, , the corresponding phosphorous add diesters are ob- 
tained This transformation takes place fairly easily at room temperature or with cool- 

25 ing to lower temperatures, using a theoretical ainount of water and optionally an add- 25 

binding agent such as a trialkylamine. Hie same esters are formed when compounds 
of formula (VIU) are reacted with alcohols instead of water in the absence of an add- 
biading agent, the alcohols beiiog converted into the ccnxesponding alkyl halidies. 

Compounds of formula (I) lii which m arid n are both 1 are obtained when 3 mols 

30. . of a compound of formula (II) are reacted with 1 mol of a phosphorus halide, prefer- 30 
ably phosphorous tridiloride. If compoimds of formula (il) containing phenolic 
hydroxyl groups are employed, for this reaction it does not proceed at any great speed 
and. generally it h necessary to raise the temperature to about 100** to 200* C in order 
to reach the end-point. -Under these conditions the hydrogen halide splits ofE iii the 
. 35 reaction and escapes from the mixture. In order to promote its escape the reaction can 

35 

be carried out in the presence of an inert solvent such as an aromatic hydrocarbon of 
high boiling point so that the mixture remains in die form of a liquid of low viscosity to 
the end of the reaction. If starting compoimds of formula (II) combining alcoholic 
. hydroxjd groups are chosen^ an add-binding agent such as a trialkylamine is necessary 

40 to bind the hydrohalic add formed as by-product. .40 

Starting from phosphorus trihalides and a mixture of different hydroxyoxamides of 
. formula (II) and using an analogous process, asymmetrical phosphorous add esters or 
mixtures of esters of phosphorous add oin be produced whidi conform to formula (I) 
and in whidi both m and n are 1. Similarly, a53miinetrLcal esters of phosphorous acid 

45 are formed when a phosphorus trihalide is reacted with a mixture of hydroxy! com- 45 

pounds of formulae (II) and (V). 

In the inodes of operation of the process so far described the phosphorus halides 
serve as starting materials. It is however possible to start from esters of phosphorous 
add of formula (Illb), in whidi m is 1. Trahsesterification of diese with compounds 

50 of formula (II) yidds new esters of phosphorous add within the present invention. It is 50 

of advantage to use a catal3^ to accelerate the transesterification reaction, for example 
sodium phenolate, lead suboxide, caldum acetate, antimony trioxide or aluminium 
chloride. In order to shift the reaction equilibritm as far as possible to the right, die 
hydroxyl compound which is split off from the starting ester during the reaction can be 

55 continuously removed, for example by distfllation in hi^ vacuum. 55 
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10 



50 



55 



The ^orestated esters of phosphorous acid which stdll contain oxamide groups can 
also be used as starting materials for the production of phosphoric acid esters containing 
oxamide groups. This transformatian of compounds with trivalent phosphorus into 
others with quinquevalent phosphorus can be carried out with any of many diverse 
oxidizing agents. For example, the starting compounds can be oxidized with sodium 5 
hypochlorite or hydrogen peroxide in almost neutral suspension. Generally the tem- 
perature for such reactions should be only moderate, preferably below^ 50— 60**C, to 
prevent side-reactions due to hydrolysis. It is often necessary to work in a water-free 
medium to exclude side-reactions completely. For e x a mp le, oxygen can be used for om- 
dation, which means that the:, temperature has to be increased to at least 70°C for suffi- . 10 
ciently rapid reaction. But if the medium is irradiated with actiriic light at the sane ' 
time sufficiently rapid oxidation can be achieved at room temperature ot 30 — 40°C. 
■ -Given the absence of moisture, sulphuryl chloride can be used for oxidation. 

. The phosphorous add triesters described above are also suitable as* intermediates 
15 for the synthesis of the corresponding thiophosphoric acid-O^O^O -triesters. This addi- 1:5 

tion of sulphur takes place very easily with phosphorous acid triesters derived from 
alcohols. The reaction is exothermic and must be carried out with cooling to preclude 
side-reactions, notably rearrangement to O,0,S isomers. It is conducted preferably m a 
solvdit such as benzene, ethanol or chloroform in the absence of water. If the sulphur is 
20 to be added on phosphorous acid triesters derived from phenols, higher temperatures 20 

ranging from 100** to 200''C are necessary. In these cases the solvent caii nonnaliy be 
omitted, lie reaction then being, carried out in the mdt. Under these conditions, iso- 
merizadon to 0,0,S triesters does not occur. . ^- u u • 

These thiophosphoric acid esters can also be produced by reactmg thiophosphoric 
25 acid chlorides with compounds of formula (11), if desired m mixture with compounds 25 

of -formula (V). As the rate of reaction is relatively slow^ the hydroxyl compounds-c^ ■ 
be employed in the form of their alkali metal salts^ or altemauvdy catalysts such as 
phosphorous trichloride, pyridine or copper powder can be used. 

The analogous reaction in which phosphorus oxychloride is used in place of thior 
30 phosphoric acid chloride proceeds very much easier and leads to the corresponding 30 

phosphoric acid esters, which as stated above are also obtainable from the correspond- 
ing esters of phosphorous acid by oxidation, t- l-T X 

* The present invention relates further to . a mediod of improving the stability of . 
organic niaterials, especially plastics materials. Thus, the invention provides a niethpd 
35 of improving the stability of an organic material against the action of ultraviolet light, 35 

visible light, heat or air, which comprises admixing with the organic material from 0.01 
to .5% by wei^t of at least one compound of formula (I), as defined above, and pro- 
vides an organic material which contains at least one compound of fonnijla (I) or (la) 
as stabilizer, or contains sudi a stabilizer, and at least one further stabilizer or costabi- 
40 lizer against the action of ultraviolet light, visible ligjht, heat or air. Of the various ma- ... 40 

terials suitable for stabilization with the compounds of formula (I) or (la), the foUow- 
ing may be named: cellulose acetate, cellulose acetobutyrati^ polyetiiylene, polypropyl- 
ene, polyvinyl chloride, vinyl chloride/acetate copolymer, polyamides, polystyrene, ethyl 
cellulose, cellulose nitrate, polyvinyl alcohol, silicon rubber, cellulose propionate, md- 
45 aminef ormaldehyde resins, ureaf ormaldehyde resins, allyl casting resins, polymeiiiyl 45 . 

methacrylate, i>olyesters and polyacrylpnitrile. Also, natural products such as rubber, 
celltalose, wool and silk can be stabilized with these compounds. 

The abovementioned organic materials may be present in the form of a fimi or 
shee^ rod, tape, panels, coatings, fibres, granules, powders or other forms, or. as solu- 
tions, emulsions or dispersions. The compounds to be used as stabilizers are incorporated 50 
in or coated on the organic materials by one of the. known methods. One important 
method of application consists in the intimate blending of the stabilizing compound 
wilhi the material; for example polypropylene granules, in a kneading mill or other suit- 
able machine and subsequent extrusion. In this way very homogeneous mixing is 
obtained which is important for effective protection. The mixture can be extraded m 
various forms, for example as film, tubing or filaments. The latter can be processed as 
• woven textile fabrics. In this method of application the stabilizer is blended with the 
polypropylene before it is converted into textiles. The new stabilizers can also be 
applied to textile yams and fabrics, for example from an extremely fine dispersion m 
60 \mer. This method of application is suitable for trailes of polyethjdene terephthalate 

and cellulose acetate fibres. . ^ t 1 

The new stabilizers need not necessarily be added to the final polymer; tliey can 
be blended with the monomers or prepolymers prior to die synthesis giving the final 

55 ^^^esides their uses in, for example, dear films and plastics, the compounds of 



55 



60 



65 
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formula (I) or (la) are applicable in opaque, semi-opaque and translucent materials 
having a surface which is subject to degradation by ultra-violet radiation, atmospheric 
oxygen of heat These materials include foamed plastics, opaque films and coatings, 
opaque papers, opaque and translucent pigmented plastics, fluoriescent pigment^ auto- 
5 . mobile and furniture polishes, creams, lotions and similar products, which are either 5 
dear, translucent or opaque. 

The compounds of formula (I) can be employed in combination with odier . ultra- 
violet absorbers and stabilizers. Sudh mixtures of active substances oftm have a syner- ^ 
gistic effect and safeguard the material against degradation by ultra-violet rays, visible 

10 Ught, heat or atmospheric oxygen over a long period of time, 10 

It is not always necessary to incorporate the compounds in or apply them to the 
material for protection. Some classes of product, for instance light-sensitive foods such 
as fruit, cooicing oil and buttetj can be protected by- packaging in plastic film containing 
a compound of the formula (I) or (la). 

15 Normally the compounds of formula (I) stabilize the material against the destruc- 15 

tive action of ultra-violet rays, visible li^t^ air or heat. This wide range of effectiveness 
makes them particularly valuable. In this respect they are found to be superior to the 
N>Nr'-diphenyloxamides known to date, whidi provide protection against ultra-violet 
radiation but are far. less effective in preventing oxidative degradation by air or atta<± 

20 by heat.. 20 
.It is not essential to produce the compounds of formula (I) in the pure. form for • 
them to be satisfactory stabilizers. The 2-methyl-3'-hydroxy-N,N'-dipheayloxamide of 
formula 

NH— CO'Cp— NH — ^ \ (ESI), 
'CH3 . ^OH 

25 for instance, can be mixed with tricresyl phosphate in a molar ratio of 1:4 and the 25 

latter compound transesterified with heating, optionally in the presence of a catalyst 
such as lithium hydride or lead (II). oxide, and with continuous removal of the liberated 
cresol by vacuum distillation, A mixture of esters, predominantly the ester of formxila 





CH3 



2 



30 is obtained in tricresyl phosphate solution in . excellent yield. The solution can be incor- 30 

porated in pol3aners such as polyvinyl chloride or polyalkylenes, either as obtained or 
after dilution with further tricresyl phosphate. It acts both as stabilizer and plasticizer 
.in these polymers. This mode of production yielding a solution of compounds of the 
fo rmula ^X) is hi^ily economical, as the reaction is almost quantitative and involves 

35 no loss through isolation and purification. Aloreover, a stabilizer solution of tiiis nature 35 

can be homogeneously dispersed in the polymer with. ease. 

An analogous procedure can be employed to produce the new esters of phosphorous 
acid. For instance, .2-methoxy-4'- (hydroxy ethoxy)-N,N'-<iiphenyiosamide and tributyl 
phosphite in excess can be reacted with heating and continuous removal by vacuum 

40 distillation of the butanol split off in the reaction; the product is a solution in tributyl 40 

phosphite of a pho^horous acid ester of formula" 

\-NH-COCO-NH--^^ ^O-CH2CH2-O-.P=(0C4 H9} g 
UCH3 

The phosphorus ester grouping in the compounds of formulae (X) and (XI) not 
only imp^ts stabilizing properties to the action of air and heat, but also increases the 
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solubility and tiie migration resistance in hydrophobic poijnners such as polyvinyl chlor- 
ide and polyalkylenes. . 

* As shown in the few examples cited above, compoxmds of the fonnula (I) or (la) 
can be incorporated in organic . .materials by standard methods at any stage of process- 
5 ing, and the amoimts used may vary within the wide limits of from 0.01 to 5%^ or pre- 5 

f erably 0.05 to 1 %y relative to the weight of the materiaL 

la the following Examples and Examples of Application the parts are by wei^t 
and the temperatures in degrees centigrade; m^p.- denotes the melting point, A max. the 
waveiaogth of Tpq^"'"^ light absorption in nanometer units. 

10 . Examples of the Process of Production .10 

.•■Examplie 1... . /"^ 

In a vessel fitted with a reflux condenser; thermometer, and stirrer 85.4: parts of. 
2-ethyl-4'-hydroxy-N^'^dipfaetiyloxam parts of chlorobenz- • ; . . 

ene and 23.7 parts of p3^cSnb a rd miked and raised to die boiling point in the absence 
15 of moisture. (In place of chlorobenzene, xylene or anisol can be iised as solvent). At 15 
boiling temperature the greater part of the oxamide goes into solutioa After cooling to 
' 70 80^ 13.8 parts of phosphorus trichloride are slowly added^ on which the tempera- 
ture is again raised to the boiling point. A white precipitate gradually setdes out, which 
grows denser as the reaction continues. After 30 minutes at the boil the end-point of 
20 the reaction is reached and the mixture is allowed to cool to room temperature. The 20 
. white sltury is filtered with suction, entered into a vessel eqtaipped with a stirrer and 
containing about 500 parts of water at 30 — 40"* and thoroughly stirred, filtered again 
with suction, washed with cold water till the water is of neutral reaction, and dried in a 
vacuum 

25 A colourless, o^sialline triphospinte is obtained wMch has the forn^^ 25 



^ : 

• C2H5 



Melting pomt: 226 — ^229** 

Elemental analysis: calc: C: 65.4, H: 5.1, N: 9.5, P: 3.5% 
found: C: 65,0, H: 5;2, N: 9.4, P: 3.4% 

30 Thin layer chromatogram . .30 

Adsorption layer: silica ge! 

Eluent: cfaloroform/tettahydrofuran 9:1 

Flow time: 30 minutes ' . 

Development: chlorine/o-toluidine sohitioh 

35 Main product: hRf71 35 

In addition minor impurities are present. 

The above product can also be obtained by reacting 2-ethyl-4'-hydroxy-N,N'-di- 
phenyloxamide with phosphorus trichloride in boiling chlorobenzene without the addi- 
tion of a base, the hydrodiloric acid formed being removed from the mixture by means 
40 of a current of nitrdgeh gas. The reaction time is longer in this case and the proportion 40 

. of by-products higher. . 

Example 2. 

In the absence of moisture a mixture of 2S.4 parts of 2-ethyl-4'-hydroxy-N,N'-. 

diphenyloxamide, m.p. 211—212*', 31 parts, of txiphenyl phosphite and 0.5 parts of 
45 sodium methylate is set with 80—100 parts of diphenyl ether. The batch is reacted for 45 

2 1/2 — ^3 hours at 150 — 160** with stirring in a vacuum^ the vacuum being adjusted so 

that some diphenyl ether is contdnuousiy distilled . throughout, along widi the phenol 

split off in the reaction. 

The reaction mixture is triturated with etfaanol and a little water, after vAich.it is 
50 filtered with suction, triturated with ethanol, filered and dried. The yellowish crystalline 50 

product consists of a mixture of the compounds (XIII) and -(XIV) in the quantitative 

ratio 3:2. 
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C2H5 




10 



15 



Elemental analysis 

Cala: C: 65.4 H: 5.6 N: 7.0 P: 5.8% 
Found: C: 65.7 H: 5.1 . N: 6.7 P: 5.6% 

Example 3. 

The procedure of Examine 1 is employed with 94^;2 parts of 2-propoxy-4'- 
hydrosy-NjN'-diphenyloxamide, in.p; 173 — 176*'5 and 13.7 parts of phosphorous tri- 
chloride in 400 parts of chlorobenzene and 23.7 parts of pyridine. The pyridine hydro- 
chloride formed setdes out from the boiling solution to be deposited on tibe wall of the. 
reaction vessel, ^^en the end-point of the reacucHn is reached the batch is allowed to 
cool to room temperature, on which a pale beige precipitate setdes out. It is filtered 
widi suction, thoroughly washed with water at 40—50** till neutral, filtered again with 
suction and dried at 80** in a vacuum. Finally it is recrystallized from dioxan solution 
by the addition of water to the commencement of turbidity. The colourless crystalline 
tri- (2'-propoxy-N,N'-diphenyloxamidyl-4 ) -pho^hite of formula 




NHCOCONH 



OC3H7 



(330 



J3 



is obtamed, which melts at 189—195**. . 

Example 4. 

In . the absence of moisture 115.2 parts of 4,4 -dihydroxy-3,5-di-(tert. biityl)- 
20 N,N''-diphenyloxainide, m.p. 198 — 202°, 250 parts of chlorobenzene and 23.7 parts ol 

pyridine are mixed for 10 minutes at 120 — 130®. The mixture is cooled to 70 — 75** 
and 13,7 parts of phosphorus trichloride are slowly added. The batch is held at tiie 
boiling temperature for 12 hours to allow for complete reaction. It is then cooled to 
room temperature and the precipitated reaction product is filtered, washed with water, 
25 . mixed dioroughly with ethanol, filtered and dried, Hie colourless crystalline compound 
of .formula 



CH3 
H3C— C— CH3 



HO 



H3C 




NH— COCO 



-P (ZEE) 



thus obtained melts at 216 — 219^, In place of pyridine an equivalent amount of N^N- 
dimethyl cydc^exylamine can be used. 
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Example 5. 

The reaction described in Example 4 is terminated at an earlier point, if desired 
after 1 hour, and the product worked up as in that Example. This procedure results in 
the diphospiute of formula 



P-OH (7W) 5 



2 



which melts at .165 — 175^ 
. The same compound is obtained when The quantitative ratio is changed and only 
1.5 to 2.0 .mois of &e aforenamed dihydroxyoxamide are reacted with 1 mol of phos- 
phorus Trichloride. 

10 The organic phosphorus compounds produced from phosphorus trichloride.as des- 10 

cribed in Examples 1, 3, 4 and 5 are listed in the following table, where ihey are speci- 
fied by the chemical constitution and the absozption mayfma in nanometer (nm) units. 
The latter values are direcdy relevant to their ability, in practice, to absorb ultra-violet 
rays. The table contains additional examples of compounds which can be produced 

15 from . phosphorus trichloride by processes analogous with the procedures previously 15 

described. 




N H-GOCP- NH-^~"^ O - 
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Examples of Application . 

Example a. 

The compound of formula (XII) described in Eacample 1 is incorporated in tm- 
stabOized pol37propylene in an amount of 0.2% and the material extrusion moulded as 
5 panels. After exposure for 300 hours in the Klimatest apparatus at 40° and 75% rela- 5 

thre humidity the panels containing the compound (XII) are unchanged, whereas a 
panel without the additive shows hair cracks and brittleness. 

In addition the compound (XII) within this invention imparts much greater heat 
spibiliry^: t est mo uldings of the above material containing the 0.2^ of compound (XII) 
10 tiicn britfle after^l days exjposure at" 14t)**, while only one day at this temperature is 10 

' sufficient to cause brittleness in mouldings without the incorporated compound. . . 

In the ageing test at 190** brittleness appears after 30 minutes in a test, moulding 
without the additive, but not until 272 minutes in one containing the additive. 

Example b. 

15 0.5% of the phosphite described in Example 14 is incorporated in stabilized poly- 15 

propylene. A moulding of this material has to be heated at 190** for 800 minutes in the 
oxygen ageing test before degradation of the polypropylene sets in. If in pilace of the 
phosphite of Example 14 The starting compound of diat . example, 2,3 '-dihydroxy-N^'- 
' diphenyloxamide, which contains no phosphorus, is incorporated in the polypropylene, 

20 the moulded article is degraded after an exposure period of only 490 minutes. 20 

Example c. 

In a similar manner as in Example b the phosphite described in Example 24 is 
compared with the starting compound, 2-ethoxy-4'-hydroxy-N,N'-diphenyloxamide. 
The .e^osure periods necessary for degradation are 990, and 540 zninutes r^ 

25 Example d. 25 

The comparison made as in the Examples b and c of the stabilizing effect of the 
phosphite described in Example 29 with the starting material, 2,4TdimethyM'"-hydroxy- 
N,N'-diphenyloxamide gives the following result: exposure periods necessary for de- 
gradation are 1240, and 362 minutes respecdvely. 

30 WHAT WE CLAIM IS:-- 30 

1. Organic phosphorus compounds of formula (I) 



<^A^ — NHCOCONH-h:^^b\ 



Y— O- 



P-(0-R)n-l . 

4— n 

wherein each benzene nucleus A and/or each benzene nucleus. independently, may be 
substituted, 

35 . m is 1 or 2, 35 

. . n is 1, 2 or 3, 

each R, independently, is a hydrogen atom or an unsubstituted or substimted alkyl, 
cydoalkyl or phenyl radical, 
X is O or S, and 

40 each Y, independently, is a direct single bond or an allc^lene radical which is -40 

bound to ihe benzene nucleus B eidier directly or through an oxygen or sulphur atom 
and which may be interrupted by one or more oxygen atoms. 

2. Organic phosphorus compounds according to Claim 1, in which the benzene 
nucleus A is unsubstituted or substimted by one or two alkyl radicals, neither of the 

45 said alkyl radicals containing more than 9 carbon atoms, by one or two alkoxy radicals, 45 

neither of the said alkyl radicals containing more than 16 carbon atoms and/or by one 
hydroxyl group which is in the ortho position with respect to the N atom or to a tertiary 
alkyl radical.. 

3. Organic phosphorus compounds according to Claim 1 or Claim 2, in which the 

50 benzene nucleus B is imsubstituted or substituted by a methyl group. 50 

4. Organic phosphorus compounds according to any preceding claim, in which Y 
is a direct single bond. . 
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5. Oiganic phosphorus compounds according to any preceding'^aim, in which m 
. is 1. ■ 

6. Organic phosphorus compounds according to any preceding daim^ in which n is 
1 or 2. 

5 7. Organic phosphorus compounds according to . any preceding claims in which 

each R stands for a hydrogen atom. 

8. A process for the production of an orgamc phosphorus compound of formula (I) 
as defined in Oaim 1^ which comprises 

a) condensing a compound, or difierent compounds, of formula (11), 



14 



10 



15 



20 



NHCOCONH 




(H) 



-OH 



wherein benzene nucleus A and/or benzene nucleus B, independentlya may be 
substituted, 

.. and Y is as defined in Claim 1, 
with, a compound of formula (III) 



(RlO)x rP(HaI)v (HL) : 

wherein X and m are as defined m Claim 1, 
Hal is a halogen atom, * 

each Ri, independendy, is an unsubslituted or subsrimted alkyi, cydoalkyl or 
phenyl radical, 

and X and y are each 0, 1, 2 or 3, the sum of x and y being 3, 
in a molar ratio of y:l when y is other than 0, or in a molar ratio of from 1:1 to x:l 
when y is Q, to produce a compound of formula (I), with the proviso that when n is 2 
or 3, then R is other than, hydrogen, 

or b) condensing'a compoimd of formula (IV) 



10 



15 



20 



25 




Y-O- 



P-(Ha0.n'--l 



25 



wherein each benzene nucleus A and/or each benzene nucleus B, independently, may be 
substituted, •. 

X, Y and m are as defined in Qaim 1, . ■ 

Hal is a halogen atom, 

30 and ri' is 2 or 3, 30 

with a compound or compounds, of formula (V) 

- • • . • - (V) 
HOR 

wherein R is as defined in Claim 1, in a molar ratio of l:n'—l. 

9. A process' according to. Claim 8. for the production of an organic phosphorus 
35 compoimd of formula (la) , 35 




wherein n is 1 or 2, 
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each benzene- nucleus A, independendy, is unsubstituted or substitured by one or 
two alkyl radicals containing not more than 9 carbon atomSj by one or two alkoxy radi- 
cals containing not more than 16 carbon atoms and/or by one hydroxyl groxip which is 
in die ortfao position with respect to the N atom or to a tertiary alJjyl radical, . 
5 and each benzene nucleus B, independendy, is unsubstituted or substituted by a 5 

methyl group, 

which comprises, when n is 1, condensing a compound or different compounds3 of 
formula (Ila) 




NHCpCONH B 3 (3Ea} 

OH 



10 wherein the benzene nuclei A and B are as defined above, . 10 

with phosphorus trichloride or phosphorus tribromide in liie molar ratio 3:1, 
or, when n is 2, reacting a compound of formula (Xa) 



NHCOCONH 




wherein the benzene nuclei A and B are as defined above, 
15 and Hal is a halogen atom, * .15 

with water in equimolar proportions. 

10. A process according to cither of Claims 8 or 9, substantially as herein des- 
cribed with particular reference to any one of the Examples. 

11. A method of improving tiie stability of an organic material against tihe action 

2C of ultraviolet light, visible light, heat or air, which comprises admixing with the organic 2( 

material from 0.01 to 5% by weight of at least one compound of formula (I),, as de- 
fined in QiaimL 

.12. A method according to Oaim 11, substantially as herein .described widi parti- 
cular reference to any one of the Examples.of Application a) to d). 
25 13. An organic material which contains at least one compound of formula (I) or 21 

(la), as defined in Qaims 1 and 9, respectively, as a stabilizer against the action of 
ultraviolet light, visible light, heat or air. 

14. An organic material according to Claim 13, which contains as a stabilizer 
against the action of ultraviolet light, visible light, heat or au: at least one compound of 

30 formula (I) or (la) along with at least one further stabilizer or costabilizer against the 3( 

action of ultraviolet light, visible li^t, heat or air. 

15. An organic material according to Qaim 13, substantially as herein. described 
with particular reference to any one of the Examples of Application a) to d). 

AlEWBURN ELLIS & CO., 
Chartered Patent Agents, 
70 — 72, Chancery Lane, . 
London, W.C.2. 
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